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ABSTRACT
Despite concerted efforts to develop the fisheries sector in many developing countries, fish demand remains poorly understood due to weak and fragmented domestic markets, particularly in Africa south of the Sahara. An important area that affects the development of the fishery sector is limited understanding of how the choice between different fish products is affected by the socioeconomic characteristics of consumers, marketing factors and fish-specific attributes. Previous studies in Malawi have assessed consumer choice and demand for fish in general, without considering speciesspecific consumer choices. This paper analyzes consumer choices and demand for two species of tilapia, Lake Malawi Oreochromis (Nyasalapia) spp. (Ny) and Oreochromis shiranus (Os), in unprocessed and processed form, in urban Malawi. We use data collected from a sample of 584 urban households in Malawi's two major cities, Blantyre and Lilongwe. Multivariate probit and seemingly unrelated regression models are employed to analyze the correlates of consumer choice and demand for tilapia products. Even though most consumers chose farmed tilapia (Os) over the wild tilapia (Ny), our results indicate trade-offs in choice but complementarities in demand for unprocessed and processed tilapia products. We find that the correlates of choice are not the same as correlates of demand for tilapia products. This is explained by heterogenous consumer profiles, market conditions, and tilapia trait descriptors. Developing robust tilapia value chains requires exploiting these complementarities and trade-offs, policy support to boost tilapia production, and reducing its relative caloric price to consumers. These measures will contribute to increased consumer demand. More generally fish breeding programs should also link breeding objectives to consumer choices and demand for fisheries' products, particularly considering rarely examined fish attributes such as its nutritive value and body texture.
INTRODUCTION
In many developing countries, the fisheries sector has transformed rapidly in the last 50 years and contributed to the significant growth of fisheries output and development of fish value chains (FAO 2018) . This has far reaching implications on economic development, poverty reduction, food security and nutrition (Belton and Thilsted 2014; Béné et al. 2016) . First, the sector contributes to the Gross Domestic Product (GDP) growth by about 1.25 percent thus contributing to economic growth (AUC-NEPAD 2014) . Second, it supports rural livelihoods through employment in fish farming, catch fisheries and other value chain activities Funge-Smith and Bennett 2019; Rashid and Zang 2019; Steenbergen et al. 2019) . Third, fish products contribute about 16 percent of global consumption of low cholesterol animal products from which high-quality fatty acids, proteins, calcium, iron, iodine and potassium vital for human body development are sourced (Tacon and Metian 2013; Kobayashi et al. 2015; Cai and Leung 2017) . Hence, fish consumption contributes to the reduction of the prevalence of micronutrients malnutrition given that fish is the main animal-source food in low income countries (Bogard et al. 2017) . Recent global statistics show a growth in annual consumption of fish from 9 kilograms (kg) per capita in 1961 to 20.5 kg per capita in 2017 (FAO 2018) . It is predicted that, with relatively stable fish prices and consumer preferences, per capita consumption is likely to increase to 25 kg by early 2020 (Cai and Leung 2017) . Hence, fisheries contribute to the achievement of sustainable development goals number 1 and 2 (UN 2015) .
Transformation of the sector has also been facilitated by the innovations to cope with the fish production and demand challenges occasioned by growing population, climate change and dwindling fish stocks. This has led to rapid growth of aquaculture in many developing countries in what is described as a "blue revolution". Aquaculture contributes about 47 percent of global food fish production and generates significant earnings to from fish exports (FAO 2018) . It is also a major source of employment and income to fish producers and other value chain actors (Shava and Gunhidzirai 2017; Hernandez et al. 2018) . The circular economy around aquaculture in rural spaces contribute significantly to rural transformation (Arthur et al. 2013; Pinstrup-Andersen and Cheng 2018) . Lastly, aquaculture also contributes to resilience building of global food systems alongside crop and livestock production (Kristofersson and Anderson 2006; Troell et al. 2014; Shava and Gunhidzirai 2017) .
The onset of the blue revolution was characterized by intensive production of mainly carps, but aquaculture production has since transformed with increased diversification and specialization in the production of other fish species including tilapia and catfish (Hernandez et al. 2018) . Recent statistics show that tilapia ranks second to carps in terms of global food fish production (FAO 2018). However, tilapia is still one of the most widely bred and adapted fin food fish worldwide (Mehar et al. 2019) .
Despite concerted efforts to develop the fisheries sector in Africa south of the Sahara, sector productivity remains low with inconsistent fish marketing and consumption trends of between 5-14 kg per capita, particularly in low income countries (FAO 2018) . This reinforces the argument that besides food availability and affordability, food choices among consumers is also pivotal in increasing food consumption (Dimitri and Rogus 2014) . Existing aquaculture studies mainly focus on the role of fish producers in aquaculture and the resulting welfare impacts, and the value chains in terms of structure, conduct and performance (Hernandez et al. 2018) . Most value chain studies focus on the export markets for a few commercial fish species such as trout, catfish, salmon, and shrimp in developed countries and not the domestic markets particularly in developing countries (Goss et al.2000; Belton and Bush 2014) .
Little is known about the dynamics of domestic fish value chains in developing countries, particularly on how consumer choice of and demand for fish and fish products are affected by fish attributes (or traits), consumer characteristics and market factors. Yet this is important in developing fish value chains, especially in the context of rapid urbanization, rising middle class, and changes in tastes and preferences of consumers (Tschirley et al. 2015; Ruel et al. 2018; Lu and Reardon 2018; Khonje and Qaim 2019) and realization of the immense nutrition benefits of fish consumption (Oken et al. 2012) . Besides, analysis of species-specific consumer choice of and demand for fish and fish products is lacking. There may also be choice and demand complementarities and trade-offs of fish products that are important for fish marketing in general. Further, consumer choice and demand for fish is influenced by fish traits and therefore analyzing influence of the traits on consumer choice and demand is critical for fish breeding programs and fish processing technologies. So far, fish breeding programs do not report on consumer choices in the fish-profile designs (Mehar et al. 2019) . While previous studies have more generally analyzed the influence of fish traits such as size, color, smell, taste and appearance, other traits such as nutritive value and body texture are largely ignored yet equally important (Mehar et al. 2019) .
Using cross-sectional data for urban fish consumers in Malawi, this paper categorically analyzes consumer choice of and demand for processed and unprocessed products from Lake Malawi Oreochromis (Nyasalapia) spp. (Ny) and Oreochromis shiranus (Os). 1
This paper contributes to the body of knowledge on consumer choice and demand for fish in four ways. First, while most studies focus on export markets, this paper focused on the domestic fish market in Malawi's two major cities, Lilongwe and Blantyre. Second, we analyze the correlates of species-specific consumer choice and demand for fish and fish products, together with complementarities and trade-offs between processed 2 and unprocessed 3 tilapia products using Lake Malawi Oreochromis (Nyasalapia) spp. hereafter referred to as Ny and Oreochromis shiranus hereafter referred to as Os. Third, when analyzing the drivers of urban consumers' choices and demand, we consider other fish traits (such as nutritive value, appearance in terms of body texture and easiness to cook) whose influence on consumer choices of fish products are have rarely been explored in the literature. Lastly, except for hatchery and nursery operators, studies on influence of tilapia traits on consumer choice and demand focus on users in general and, not on user-specific traits preferences as we do in this paper. We descriptively analyze consumer choice between Os and Ok and then simultaneously analyze correlates of choice and demand for the products using multivariate probit (MVP) and seemingly unrelated truncated regression (SUTR) models, respectively.
The four research questions the study addresses are: (1) How do consumers choose between farmed Os and wild Ny tilapia species? (2) What are the correlates of choice of Os and Ny products? (3) What are the correlates of demand for Os and Ny products? (4) What are the complementarities and trade-offs in the choice and demand for Os and Ny products?
The paper is organized as follows. The next section gives an overview of the fisheries sector in Malawi. Section 3 details the data and methods used. Section 4 concludes with policy implications.
THE FISHERIES SECTOR IN MALAWI
Malawi's fisheries sector includes aquaculture, capture fisheries, and aquarium trade subsectors.
The sector contributes about 4 percent to Malawi's GDP, employs about 60,746 people annually and supports livelihoods of about 1.6 million people (Malawi Government 2016) . Aquaculture production mainly involves tilapia and catfish rearing in ponds or cages in the lakes. Even though capture fisheries contribute the largest proportion of fish produced in Malawi, aquaculture is rapidly growing due to rising demand for fish and dwindling fish stocks in open waters (Banda et al. 2005; Kasulo and Perrings 2006; Limuwa et al. 2018 ).
The Malawi fish market is mainly domestic except for ornamental fish exports (Malawi Government 2016). The demand for fish, especially tilapia, is growing with largely informal imports from neighboring countries such as Zambia and Tanzania to off-set the supply gaps. Per capita tilapia consumption was 8.12 kg per year in 2014 and is projected to reach 10 kg by 2020 (Malawi Government 2016). Fish is an important source of proteins, calcium, iron, iodine and potassium to many households in Malawi (Mumba and Jose 2005) . It contributes about 40 percent of protein intake in general and 70 percent of animal protein intake in Malawi diets (Malawi Government 2016).
Trends in fish consumption in Malawi
While global fish production trends have been rising steadily, growth in Malawi's fisheries sector has been much more variable. Malawi's total fish production increased significantly in the first decade from 1960 and surpassed the global average production but fluctuated thereafter with a sharp decline between 1986 and 2000. Annual production rose sharply from 2002. This is attributed to the development of aquaculture in Malawi during this period thus contributing to total fish production. Annual production increased from13,600 metric tons in 1960 to 160,498 metric tons in 2016. -20,000,000 40,000,000 60,000,000 80,000,000 100,000,000 120,000,000 1960 1965 1970 1975 1980 1985 1990 1995 Malawi Capture Production World Capture Production As shown in Figure 2 , aquaculture production in both the world and Malawi has experienced substantial growth. Global aquaculture production started accelerating in the early 1980s, while in Malawi's aquaculture production did not take off until the early 2000s. Aquaculture production in Malawi has grown from 6 metric tons in 1976 to 7,646 metric tons in 2016.
Figure 2. Aquaculture production trends
Source: World Bank (2016a) and World Bank (2016b).
Fish marketing in Malawi
Malawi's fish sector is largely underdeveloped. Most fisherfolk are unorganized and have limited processing capacities. Fish is marketed in unprocessed form (e.g., fresh or frozen) and some is marketed in processed (e.g., smoked, canned or dried) form. About 75 percent of marketed fish is processed to prevent quantity and quality losses (Nagoli 2009 ). The key market players are smallscale fisherfolk, vendors, supermarkets, and aquaculture ventures.
Unprocessed fish is usually stored for just a few hours after catching and is seldom preserved. However, aquaculture ventures, such as the Foods Company Limited (TFCL), commonly known as 'Maldeco', have the capacity to store both processed and unprocessed fish for longer periods due to their storage and cooling capacities. But as electricity and fuel costs are high in Malawi, and demand is limited, only a few of these ventures can thrive.
There is a dearth of studies on fish marketing in Malawi particularly focusing on consumer choice and demand for farmed (mainly Os) and capture tilapia (mainly Ny) and their products. Existing studies focus on estimating demand for fish and fish products, in general. For example, Nankwenya et al. (2017) estimated demand for tinned, fresh, smoked, and dried fish products in Malawi using the third Integrated Household Survey (IHS3) data collected by the World Bank and the National Statistical Office (NSO). The study found that several socioeconomic and location factors influenced fish consumption. These include marital status; gender; education; expenditure; occupation; age; and distance to the market. The study concluded that demand for fish products outstripped supply, was inelastic to changes in prices, and increased with rising household incomes. Maganga et al. (2014) similarly found that the same socioeconomic factors influence demand for and consumption of foods including fish in Malawi. However, they found that fish demand was sensitive to price changes. However, these studies did not focus on species-specific consumer choice of fish and fish products as we do in this study.
-20,000,000 40,000,000 60,000,000 80,000,000 100,000,000 120,000,000 1960 1965 1970 1975 1980 1985 1990 1995 This study specifically focused on processed and unprocessed products from Oreochromis (Nyasalapia) spp. and Oreochromis shiranus. The Nyasalapia species, Oreochromis karongae (also Oreochromis saka, Oreochromis lidole and Oreochromis squamipinnis) as presented in the Annex are closely related species of tilapine cichlids hence this study categorically treated them as one. Consumers in Malawi identify all these species as Chambo. Hence purchase and consumption decision are made on the products as a category. Oreochromis karongae is the dominant species among the three. That said, Oreochromis shiranus is a distinct species in Malawi and has its own local name (Makumba). This species, unlike the Nyasalapia spp., is also promoted under aquaculture, hence most of its products available on the market come from the aquaculture sub-sector. This study purposefully chose these two categories of tilapia to assess consumer behavior: one species that is wild and faces extinction but is highly preferred by Malawians, and another that is gaining dominance in the aquaculture sector in the hope of mitigating low production levels from capture fisheries.
DATA AND METHODS

Study area and sampling protocol
The study uses data collected from urban households in the cities of Lilongwe and Blantyre in Malawi during November 2018. This provided a good setting for the study as the rapid modernization of food retailing in Malawi mirrors other developing countries with rapid urbanization, rising middle class and changes in tastes and preferences of consumers (Ruel et al. 2018; Khonje and Qaim 2019) . Using the 2008 Malawi Population and Housing Census data (NSO 2009) and population data from UN-HABITAT (2011a, 2011b), we determined the populations in the two cities and used a multistage sampling procedure to build a representative sample of 310 and 274 households from Lilongwe and Blantyre, respectively.
Fifteen areas (administrative units) in Lilongwe and fourteen area in Blantyre were randomly selected, with population proportionate to size sampling used to determine the number of households from the areas (Figure 4 ). Households were then sampled using systematic random sampling procedure. Respondents were either the household heads or spouses who were responsible for food purchases and preparation decisions. Interviews were conducted using a multi-module semi-structured questionnaire to capture data on households' socio-economic characteristics; food expenditures; fish purchase, consumption and attribute choices; and fish marketing environment. 
Ethical considerations
The study involved dealing with human subjects and all authors and survey team members underwent a training on research ethics. Respondents were informed about the objectives of the study before their written informed consent to be a respondent and to having their responses recorded was requested. The respondents were assured that the information provided would be treated confidentially and presented anonymously. Even though we used noninvasive approaches and measurements in the study we still obtained permission to conduct the study from district authorities. Table 1 presents descriptive statistics for the 584 households' socioeconomic, market and location characteristics later controlled for in the MVP and SUTR models. The upper part of Table 1 presents the four tilapia products of interest while the middle part of the table summarizes the socioeconomic profiles of the households. The last part summarizes the location characteristics of the households. Socioeconomic factors include age, gender, wealth, family size, and farm size that influence fish variety choices and demand (Maganga et al. 2014; Omasaki et al. 2016; Nankwenya et al. 2017; Mehar et al. 2019) . In this study, we control for these factors in the model estimations. Most studies on adoption of new innovations (e.g., agricultural technologies) generally use the demographic factors such as age and gender of the farmers or household heads as covariates in the model specifications. However, this may be inadequate for our analysis because there may be gender-specific differences in choices of fish and fish products which significantly influence household food security and nutrition (Ragot et al. 2018) . We instead consider gender, age, and nutrition knowledge (about nutritive value of fish) of the household's primary decision maker on food purchases.
Data
We also control for market factors such as access to markets and price information, location of the households and distance from dwelling place to the markets. Other influencers of choice and demand include fish product prices, household incomes and frequency of fish consumption. Incomes influence purchases and frequency of consumption of fish products.
Over the past twenty years, tilapia genetic improvement programs have increased the availability of tilapia selected for attributes or traits that improve production i.e., tilapia breeds with faster growth rates of between 7 and 10 percent now used globally in more than sixteen countries (Ponzoni et al. 2012; Ansah et al. 2014 ). The breeds have unique attributes that influence consumer choice and demand for them. Breeding programs have primarily been defined by the economic value of consumers' preferences for fish traits (Dickerson 1970; Brascamp et al. 1985) . However, just as in general agriculture, uptake of new technologies is defined by needs of users and therefore fish breeding is increasingly shifting towards incorporating diverse preferences (with both economic and non-economic value) of value chain actors (Byrne et al. 2012; Nielsen et al. 2014; Mehar et al. 2019 ). This has been fueled by the realization that adoption of new innovations is a function of user preferences, socioeconomic characteristics and context (Ragot el at. 2018).
On the fish attributes (or traits), we only considered two of the three broad categories of traits common in aquaculture literature namely: (1) productivity trait i.e., size (a function of weight and length but loosely assessed visually by consumers); and (2) quality trait such as color, size, taste and appearance but excluded geographical trait which influence breeding more than marketing of fish. In addition, related to the value of preferences, we include other fish traits that are hard to capture in terms of economic value such as ease to cook and nutritive value in analyzing consumer choice and demand for tilapia and tilapia products. These traits are hardly analyzed in existing literature (Mehar et al. 2019) .
Empirical strategy
Correlates of consumer choice for tilapia products
In consumer (or household) choice analysis, probit models are widely used ─ particularly when products are assumed to be neither substitutes nor complements. However, in the context of our study, choice of any of the four tilapia products (processed and unprocessed Os and Ny) we consider is correlated with choice of the rest of the products, so using a simple probit model may yield biased estimates. We therefore employ a MVP model to analyze the correlates of consumer choice of the four tilapia products. The MVP model simultaneously analyzes the influence of household, market and location characteristics on the choice of each of the four tilapia products. The model assumes error term correlation (Cappellari and Jenkins 2003) . We estimate four binary choice equations, corresponding to the four types of tilipia products that may be consumed, for household i while accounting for the same household, market, location and unobserved factors ( ) that influence choice of product m. The binary dependent variable (observed) is which equals to 1 if the household chooses a product and 0 otherwise. The m-dimensional MVP model is expressed as; * = ′ + , = 1, … 4
(1)
where the latent variable * captures unobserved household perception of the tilapia products and εim is the stochastic error terms each with a multivariate normal distribution and zero (0) mean and variance-covariance matrix V. The matrix has values of 1 on the leading diagonal and the correlations ρjk = ρkj on the off-diagonals as shown in equation 3.
(
Simulated maximum likelihood estimation was approximated using the Geweke-Hajivassiliou-Keane algorithm. This approach is widely used especially in studies analyzing consumer behavior (Geweke et al. 1996) . We then used a likelihood ratio test for the hypothesis of equal correlation coefficients in assessing choice complementarity and trade-offs of the tilapia products.
Correlates of consumer demand for tilapia products
Seemingly Unrelated Truncated Regressions are the most appropriate way to model the correlation of demand for tilapia product. The SUTR model specifies that the dependent variable assumes the value of either zero (for no consumption scenarios) or a positive and continuous value, and that the error terms between equations are assumed to be correlated (Baltagi 2011) . We used a truncated instead of censored regression approach because we focused on a subsample of households that purchased at least one tilapia product. We estimated a system of equations (4), where the dependent variables are the quantities purchased (logged) denoted as q1 * , q2 * , q3 * and q4 * for unprocessed Oreochromis shiranus; processed Oreochromis shiranus; unprocessed Lake Malawi Oreochromis (Nyasalapia) spp.; and processed Lake Malawi Oreochromis (Nyasalapia) spp., respectively. 
The quantities (q * s) demanded for one tilapia product was assumed to correlate with demand for any of the other three products so assessment of demand complementarity and trade-offs is important. is the k x k matrix of the independent variables. is the vector of estimated parameters while is the stochastic error terms for the four equations having the following mean assumption [ | 1 , 2, 3 4 ] = 0 (5) 
SUTR applies the Feasible Generalized Least Squares method when the covariance matrix of disturbance is unknown to estimate the necessary parameters and correlation coefficients simultaneously (Zellner 1962; Zellner and Huang, 1962) . However, the Least Squares Estimation Method can also be used to consistently estimate the elements of covariance matrix of disturbance (Greene, 2000) . The study used a likelihood ratio test of the hypothesis of equal correlation coefficients in assessing choice complementarity and trade-offs of the tilapia products demanded. Analysis was done using STATA version 15 (StataCorp).
RESULTS AND DISCUSSION
In this section, we present the study findings starting with descriptive statistics and empirical results from the regression models. From the data section, we established that most consumers chose Os over Ny. However, in terms of products, consumers consumed a variety of Os and Ny products, suggesting that consumer choice and demand are not mutually exclusive. Thus, there are interrelationships between choice and demand that influence consumption of tilapia products. By analyzing drivers of consumer choice and demand, we get to understand the similarities and differences in the correlates of choice and demand. This is important for the fisheries industry in terms of linking consumer choice with the fish breeding priorities and marketing strategies of chain actors and constraints in fish marketing.
We discuss the empirical findings from MVP and SUTR regressions beginning with the correlates of consumer choice presented in Table 3 , followed by the correlates of demand in Table 4 , and then the complementarities and trade-offs in choice and demand for tilapia products in Table 5 . We discuss the correlates of choice and demand together to relate the choices consumers make with the quantities they demand. The marginal effects indicate the significance of the relationship between the dependent variable (choice or demand) and the independent variables (socioeconomic, market and tilapia characteristics). The marginal effects for dummy variables mean a change from 0 to 1. For the SUTR, the dependent variable is continuous and in log form so that the interpretation is a percentage change in quantities demanded as a result of a unit change in the independent variables. However, this depends again on the value of the independent variable, whether a dummy, categorical, continuous or in log form. The findings show significant and varied relationships between consumer profiles, market factors and tilapia trait descriptors and choice and demand for tilapia products. Figure 5 presents the sampled households' sources of information on tilapia market and price information, together with their sources of nutrition knowledge. It is notable that access to information on markets, prices and the nutrition benefits of tilapia was limited. Information on tilapia markets and prices was mostly obtained from, shops and friends and family. This underscores the role of social networks in marketing of products and dissemination of nutrition-enhancing innovations, just as in the adoption of production technologies. Fewer households reported gaining knowledge about the nutrition benefits of tilapia from mainstream media sources.
Descriptive statistics
Figure 4: Sources of information
Source: Tilapia Value Chain Survey, 2018. Table 2 provides a summary of the fish attributes consumers preferred ranked in order of importance, together with the location of purchases of tilapia products. The values in column 1 are proportions of households that responded with a 'yes', while the values in columns 2-4 are proportions of household rankings of the three most preferred attributes. Most consumers considered several attributes in their choices of tilapia with taste, size, and form mentioned by more than half of the households, closely followed by nutritive value (47 percent). Ease of cooking and gill pigmentation were relatively unimportant to most households 5 .
In terms of location of purchase, most of the sampled households purchased tilapia products from vendors at designated fish markets (83 percent) followed by Maldeco outlets (69 percent). As noted in Section 2.1, Maldeco is one of the largest aquaculture ventures in Malawi and has a wide network of retail outlets in Malawi's cities. Interestingly, about 46 percent of the sampled households purchased from mobile vendors who often hawk fish in cooler boxes around urban estates. Some 29 percent of households also purchased from supermarkets. Most of the tilapia retailed by supermarkets, comes from aquaculture especially Os, while Ny is largely produced from capture fisheries. These statistics underscore that there are multiple tilapia value chain actors at some marketing nodes. 5 A red gill pigmentation is often associated with freshness of tilapia in Malawi. Table 3 presents the results of our MVP modeling of the correlates of tilapia consumption. Socioeconomic characteristics, gender and level of education of the household decision maker, household income, frequency of consumption of tilapia products and knowledge about nutrition benefits of the products all positively influenced consumer choice and demand. The marginal effects columns show the proportional change in the dependent variable (choice) associated with a unit change in the explanatory variables such as socioeconomic characteristics, market factors and tilapia attributes evaluated at their means. For example, households with male heads s were 5.7 percent more likely to choose processed Os (Table 3 , first row column 6) but this affected demand differently as they were likely to demand more of processed Ny by 32 percent (Table 4 , column 7).
Consumer choice of and demand for tilapia products
Number of years of formal education of the household food decision maker significantly influenced quantities demanded of most of the tilapia products but not choice of tilapia products. Additional years of schooling increased the demand for all unprocessed and processed tilapia (Os) and unprocessed tilapia (Ny) by 2.5, 4 and 2.6 percent, respectively (Table 3 columns 1, 3, 5). These findings show that formal education is associated with increased demand for processed tilapia despite its higher price. This finding is not surprising. Nankwenya et al. (2017) found that more educated people in Malawi had higher disposable incomes and propensity to purchase nutritious foods including fish, which is perceived to be more expensive than close substitute meat products such as beef, goat meat or, pork. Herath and Radampola (2017) also argued that better educated household decision makers earned more and therefore could afford relatively expensive nutritious foods in Sri Lanka.
Ceteris paribus, higher household incomes increased the likelihood of choosing unprocessed Os and Ny by 4.1 percent and 5.5 percent, respectively (Table 3 columns 3 and 9). It also increased the quantities demanded of all tilapia products by between 15 and 25 percent (Table 4 columns 1, 3, 5 and 7). In Malawi as in other countries, more affluent and health-conscious urban populations are shifting to expensive yet nutritious foods including fish (Nankwenya et al. 2017; Herath and Radampola 2016) . In Malawi, this is facilitated by increased availability of tilapia from the expanded markets and better networks of retail outlets for aquaculture ventures, which offer convenience to consumers. Greater access to refrigeration or cooling facilities, especially among richer households in the cities, increases the storability of perishable foods and this possibly explains urban households greater demand for both processed and unprocessed tilapia. Previous studies also show that food retailing has undergone rapid transformation to cope with the dynamic tastes and preferences of urban consumers who tend to purchase more of processed products (Demmler et al. 2018; Khonje and Qaim, 2019) .
Our results show that nutrition knowledge of the decision maker in the household increased the overall likelihood of choosing unprocessed Os and processed Ny by 9.1 and 13.1 percent, respectively (Table 3 columns 3 and 12). The majority of the decision makers of food purchases and preparation were women as shown in Table 1 (75 percent) and women are usually the ones responsible for food preparations in the household. In contrast, nutrition knowledge reduces consumption of processed Ny and Os by 51.7 and 75.4 percent, respectively (Table 4 columns 3 and 7). Looking at the descriptive statistics on choice of tilapia products (Table 2) , this is plausible given that most consumers chose unprocessed over processed tilapia. This is also closely associated with frequency of household tilapia consumption. Higher frequency of tilapia consumption was positively related with choice of unprocessed tilapia. The marginal effects on the consumption frequencies dummies, show that consumption of tilapia at least once a week increased demand for unprocessed Os and Ny by between 28 and 62 percent (Table 4 columns 1 and 5). Looking at the respective percentages across the consumption frequency categories, it is arguable that the frequency of consumption increases the likelihood of consuming more Os than Ny tilapia. except for those who consumed the tilapia products more than twice a week. This can be explained by the fact that Ny products are cheaper than Os products (Table 1) .
On market characteristics, the same correlates variedly influenced choice and demand. Access to market information increased the likelihood of choosing processed Os but reduced the likelihood of choosing unprocessed Ny (Table 3 columns 6 and 9) because the products are substitutes. In terms of demand, access to market information generally reduced the likelihood of demanding tilapia products by at least 20 percent (Table 4 columns 4 and 9). Access to tilapia price information also increased the likelihood of choosing unprocessed Os but reduced the likelihood of choosing unprocessed Ny. These results are reinforced by the fact that consumers generally preferred Os to Ny tilapia despite the higher prices of Os. This is plausible given that consumers increasingly place premium on food quality, safety and traceability (Lusk and Marette 2010; Cecchini and Warin 2016) , which is offered mainly by aquaculture ventures in Malawi marketing Os through retail outlets and supermarkets. These ventures label their fish products clearly and have cooling facilities in their retail outlets. Household location significantly influenced consumer choices and demand for tilapia products. Table 3 shows that relative to Lilongwe consumers, Blantyre consumers were 16.9 percent more likely to choose unprocessed Os but 7.6 percent less likely to choose unprocessed Ny. Even though living in Blantyre increased the likelihood of consumers choosing unprocessed Os, it decreased the quantities demanded of unprocessed Os by 15.7 percent (Table 4) . We see a clear disutility for processed Os among Blantyre consumers that is reflected in both their choice and demand. They were 4.8 percent less likely to choose processed Os and overall demand for Os decreased by 29.2 percent (Table 3 and 4) . Instead, Blantyre consumers showed an increased demand for processed Ok by 32.9 percent compared to Lilongwe consumers.
This finding is counterintuitive but is not surprising and may be attributed to consumer desire for quality fish in three ways. First, the lengthy transportation time from distant production points to Blantyre affects the quality of fish supplied by vendors, except for the large aquaculture ventures that use refrigerated transportation. Ny is only produced around Lake Malawi which is further from Blantyre than Lilongwe. Hence, Blantyre consumers may demand more of processed Ny. Second, the price per kg of Os products is higher in Blantyre than Lilongwe, so resource-constrained households may demand more of the relatively cheaper Ny products. Lastly, artisanal and small-scale fish production is not well regulated in Malawi, while sanitary standards are loosely enforced by local authorities, which might be of concern to affluent consumers. Aquaculture ventures brand their tilapia products to ensure food safety, quality and traceability but branding is hardly practiced by other traders. These aspects are important to health-conscious consumers in general (Kumar et al. 2008) and help to explain consumer general preference for Os over Ny.
We also examined the influence of product prices. Table 4 shows that a 1 percent increase in the price of unprocessed Os tilapia significantly reduced the quantities demanded by 21.5 percent while a 1 percent increase in the price of processed Ny reduced the quantities demanded by 52.5 percent. Hence, low prices increase demand for tilapia products. Headey and Alderman (2019) found that fish has been moderately expensive in many developing countries but very expensive and with high price variations across low income countries especially in Africa South of the Sahara. Unsurprisingly they also found that fish was more expensive in landlocked countries, such as Malawi, than in coastal countries. The study also indicated that for Eastern and Southern Africa countries, the mean relative caloric prices for fish was as high as 10.27 which is the highest among all other regions.
We found heterogenous influence of tilapia attributes on the choice and consumption of tilapia products. Ease of cooking, nutritive value, color, taste and appearance of tilapia products all influenced the choice of and demand for Os and Ny products. In Malawi, Os and Ny were distinguished by color and body texture. Os is darker than Ok. Nutritive value was important for consumers who were knowledgeable about the nutrition benefits of consuming tilapia. Such knowledge increased the likelihood of choosing unprocessed Os by 9.2 percent (Table 3 column 1). This could be explained in two ways. First, Os is mainly produced by aquaculture ventures that observe standard production practices and better feeding regimes compared to Ny, which is mainly from the capture fisheries. Hence, urban consumers may choose more of Os products because it assures them of quality, safety and traceability. Second, post-harvest management practices (gutting, cleaning and packaging) jointly influence the quality of products. Os producers often also market unprocessed Os in fresh or frozen form through a network of retail outlets so that city consumers prefer the conveniently accessible fresh products. There is less quality improvement and limited post-harvest management beyond cleaning and cooling by actors along the open capture Ny chain. This partly explains why most of Ny tilapia is sold in processed form to reduce quality losses and why some attribute y influenced choice of processed Ny more than others.
When consumers considered color, the likelihood of choosing processed Ny increased by 9.3 percent (Table 3) and demand for unprocessed Ny reduced by 14.2 percent (Table 4 ). Likelihood of choosing unprocessed Os and processed Ny increased by 8.5 and 11.6 percent when taste was considered (Table 3) . Interestingly, during the interviews, respondents widely reported that Ok tasted better than Os but this is not reflected in Table 4 . The likelihood of choosing Ny reduced by 12 percent when ease of cooking was considered (Table 3) . In contrast, its increased demand for processed Ny but reduced demand for Os products (Table 4 ).
Complementarities and trade-offs between tilapia products
So far, we have examined the correlates of choice and demand for tilapia products. However, consumer choice and demand are closely linked and there is no mutual exclusivity in the consumption of tilapia products. That is, the consumption of one tilapia product does not stifle consumption of the other three products. We examine the complementarity and trade-offs between choice and demand for Os and Ny products using covariance matrices from the MVP and SUTR models. The likelihood ratio test of equal correlation coefficients was rejected in both models thereby indicating that both models were most appropriate for the analysis and ordinary probit model would not suffice. The positive correlations imply complementarity of the products while negative correlations imply tradeoffs and possible substitutability of the products.
In Table 5 , the MVP correlation matrix show choice substitutability between unprocessed Os and Ny products, meaning that consumers view the two products as substitutes (columns 1 and 2). Similarly, there is a negative correlation between unprocessed Os and processed Ny, suggesting that the two products are substitutable. This is plausible given that consumers generally chose more of unprocessed than processed tilapia products. However, this relationship cannot be strictly interpreted as such because we found heterogenous effects of the tilapia attributes correlates of choice. Interestingly, even though most consumers preferred Os to Ny, the positive correlation between processed Os and Ny indicate choice complementarity between the products. This is important for tilapia value chain development where the complementarities of these products have not been fully explored. Os products are generally branded and promoted by the aquaculture ventures whereas there is limited branding of Ny products. Much of the Ny production and restoration efforts in lake Malawi are solely overseen by the Malawi government with limited or no interventions to market Ny. For the same reason, awareness of the nutrition benefits of the products remains low, particularly for Ny. It is noted in Figure 2 that access to information on tilapia market, price and nutrition was limited, and few households reported gaining knowledge of the nutrition benefits of tilapia from mainstream media sources. Information on tilapia markets and prices was mostly obtained from vendors in the visited markets (shops), friends, and family. This underscores the role of social networks in dissemination of market information. The SUTR correlation matrix in Table 5 shows a striking finding of only positive correlations between the tilapia products, suggesting complementarity in consumer demand for all the products (columns 1-3). Again, this reinforces our argument of the need to develop tilapia value chain while looking at the choice and demand complementarities and trade-offs between tilapia products. The big question is why such choice and demand complementarities are hardly observed. This is explained by the highlighted limitations in tilapia marketing. The mismatch between consumer choice of and demand show that drivers of choice are not necessarily drivers of consumer demand for tilapia products.
CONCLUSION AND POLICY IMPLICATIONS
In this study, we analyzed consumer choice between two tilapia species, farmed Oreochromis shiranus (Os) and Lake Malawi Oreochromis (Nyasalapia) spp. (Ny). We investigated the correlates of consumer choice and demand for tilapia products and the complementarities and trade-offs between consumption of various tilapia products in Blantyre and Lilongwe, Malawi's two major cities. This is one of the few studies to have examined species-specific complementarities and trade-offs in consumer choice and demand for fish products.
There are four important findings from this study. First, we find that most consumers generally choose farmed Os over the wild Ny. However, this choice should not be interpreted as indicating that consumers do not prefer Ny, as our MVP regression results show a heterogenous relationship between household choice (and demand) of tilapia products and households' location and socioeconomic characteristics, together with the attributes of the tilapia products purchased. Though less researched, we find that tilapia attributes such as nutritive value and ease of cooking significantly influence urban consumers' choice and demand for tilapia. Thus, just as with other fish types, the growth of the tilapia market will depend on the general availability of tilapia with attributes that appeal to a wide range of consumers.
Second, since prices significantly influence consumer choice and demand for tilapia products, lower prices are likely to increase demand for fish products, especially among resource-constrained households in Malawi. The finding that high tilapia prices reduce the likelihood of its consumption among households has important implications for food security and nutrition. Lower relative food prices tend to be associated with better dietary and nutrition outcomes. Lower prices increase affordability and consumption of nutrient rich foods such as fish and therefore reduce the prevalence of micronutrient malnutrition and non-communicable diseases (Headey and Alderman 2019) . Further, our MVP correlation results show complementarity between processed tilapia products but trade-offs between unprocessed products, with more consumers choosing unprocessed Os despite their higher prices. These complementarities and trade-offs have important implications for the development of tilapia value chains in Malawi, since they show the potential for increased demand for tilapia products. Hence, reducing the relative caloric prices of fish will be beneficial to consumers. For landlocked Malawi where cost of fisheries inputs is high, this could be achieved through policies that facilitate public-private sector partnerships for greater investment in the nascent fisheries sector to widen accessibility and affordability of aquaculture inputs to lower the unit costs of fish production thereby reducing consumer prices.
Third, our SUTR results indicate a heterogenous relationship between household, market and location factors, tilapia attributes, and the choice and demand for tilapia products. There is a mismatch between the correlates of choice and the quantity demanded of tilapia, suggesting that the determinants of choice are not the same as the determinants of demand. Furthermore, it should be noted that limited access to market information and low awareness of the nutrition benefits of fish consumption among consumers influence the frequency of tilapia consumption. Ny is mainly promoted by the Government of Malawi under a variety of capture fishery programs, while Os is promoted by aquaculture ventures through extensive advertisements to increase consumer awareness. Increased investment in developing both Ny and Os value chains and increasing consumers' access to information about the markets for and nutrition benefits of fish consumption is necessary to increase the demand for tilapia.
Lastly, our SUTR correlation results show complementarity in demand for tilapia products and diversity in choice and demand for various tilapia products. This finding is important for developing the tilapia value chain. As the value chain for wild tilapia is largely unorganized in Malawi, such complementarities are yet to be fully explored. Furthermore, aquaculture ventures should not only elicit consumer choice but also examine their demand for tilapia products. More generally, fish value chain actors need to consider the dynamics of consumer tastes and preferences, particularly among the rising middle-class in cities. There is need for greater investment in product branding and labelling in line with consumer preferences, particularly for Ny products. Furthermore, greater institutional support is required to regulate fish value chains and enforce food safety and quality standards in Malawi. Aquaculture ventures and other value chain actors need to expand their retail outlets to increase accessibility to farmed fish by city consumers who prioritize convenience shopping. Breeding programs should also consider consumer choice and demand for fish products in their product-profile designs, particularly for less commonly examined attributes such as nutritive value.
We argue that improving the fisheries sector and aquaculture sectors in Malawi to meet the growing urban demand for fish at affordable prices is a necessary but not sufficient condition for developing the tilapia value chains. Consumer choices and demand for fish products must also be considered. While our study was limited to four tilapia products in Malawi's two major cities, it nonetheless provides insights into the possible correlates of choice and demand for fish in general, and the complementarities and trade-offs in demand for fishery products. Future studies should examine the choices and demand for tilapia and other species of fish by value chain actors such as traders, feed mills, and food processors.
ANNEX: DESCRIPTIONS OF THE STUDIED TILAPIA PRODUCTS
Chambo species (Tilapia Nyasalapia), Trewavas, 1983 Oreochromis karongae (Trewavas, 1949) O. karongae is distinguished from O. lidole by its smaller head and mouth, and heavier dentition, and from O. squamipinnis by its male breeding colors. O. karongae shows geographic variation in external and pharyngeal bone proportions and in the number of tooth rows in the jaws. However, although there are many statistically significant differences, most measurements show substantial degrees of overlap among the species.
Oreochromis lidole (Trewavas, 1941)
Oreochromis lidole is uniquely identified by its slender lower pharyngeal bone, which supports a small toothed area. In the field, it could be easily distinguished at sizes above 15cm.
Oreochromis squimmipinis (Günther, 1864)
Oreochromis squamipinnis is distinguished from O. lidole and O. karongae by its distinctive male breeding colors. Morphologically, females and immature males are very similar to O. karongae: in Lake Malawi, fish below 20 cm were difficult to distinguish, while in Lake Malombe, only adult breeding fish could be reliably identified. Both external body proportions and pharyngeal bone shape show significant geographical variation between populations. 
Makumba (Oreochromis shiranus)
O. shiranus (Boulenger, 1987a , Boulenger, 1987b is not a member of Lake Malawi's endemic tilapia "Nyasalapia" mini flock, being classified in a different subgenus. It differs from that species group in almost always having 4 anal fin spines (rarely 3 or 5), instead of 3 as in "Nyasalapia." Also, O. shiranus males lack a genital tassel (Trewavas, 1983) . Females and immatures from the Lake Malawi catchment have a dark olivecolored body and are yellow-gold below. The horizontal stripes are often more prominent than the vertical bars; adult males develop very large jaws and a concave head profile, they are black, with red margins to the dorsal and caudal fins. Underwater or in aquaria, males show numerous white spots on the upper half of the flanks, but these fade quickly under stress, so that they appear uniformly black when removed from the water
